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tube before and behind the plug, by which the pressures on both sides are kept constant and the total mass of gas also kept constant, When a unit mass of gas flows through the plug woxk p^ is done in pushing in the back piston, and work p2v2 is done by the issuing gas in pushing the back piston out, hence energy p^ — p^ is supplied from without in this way. Moreover, energy q is supplied from the calorimeter. Hence the total quantity of energy supplied from without is p^ — p%v2 + q. At the end of the process the only visible result is that there is a unit mass less of gas at the back and a unit mass more gas at the front of the plug. Moreover the flow being steady, the energy of every unit mass at the back of the plug always remains the same, and the energy of every unit mass in front of the plug always remains the same. The principle of conservation of energy now leads to the inevitable conclusion1) that the intrinsic energies of the unit mass in front and the unit mass behind the plug must differ by an amount given by
(183)                          w2 — % = jpx v± — p^ + q.          v
Again, the intrinsic energy of a gas depends only on its actual state, and the initial and final temperatures are equal. Hence the change of energy u% — % must be the same as in an isothermal reversible transformation between the same two states. By the formula
- Ipdp — pdv we get therefore
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Substituting in (183) we obtain the two forms
*
(185)                      q = (jpat>2 - PM) + J (19 - p)dv,
pi
(186)
For a perfect gas jPa^a — JPi^u  ^ =jp,   lp= •— v, whence (187)                                         q - 0,
. 1) This conclusion could easily be verified by assuming any simple law of frictional resistance in passing through the tube, remembering to add in a quantity of heat equal to the work lost in overcoming friction.
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